In the social network society it is often difficult to organise information in a systemic view. In all fields, from information technology and sociology to biomedical science, and in particular genetics, the description of the interactions established by vertices in a network is incredibly important (Barabási et al., 1999) . Nowadays, through mobile devices localization it is possible to provide suitable information about facilities and opportunities in the neighbourhood of the users. Social networks such as FourSquare make of positioning the core of their business. Information about localizations combined with a constant encouragement of people to describe their activities, allows tracing mass movement and behavior (Noulas et al., 2011) . The collection of such information can be extremely useful, for example, in marketing, in order to target advertisements and promotions.
These concepts have been already applied to medicine, which in future will be participatory and personalised (Hood, 2013) by mean of social networks, such as PatientsLikeMe. Moreover, future medicine is expected to be predictive and preventive (Hood, 2013) , by fully exploiting the integration with omics science, in particular for understanding how the 3D nuclear maps of genes can be exploited for precisely targeting new drugs. Noteworthy, both social networks and molecular networks could use semantic information, part of which could be shared across these domains. From a human cognitive behavior, it would be ideal to have similar ways for querying different networks and perhaps molecular and cellular information could be even linked to patients' social networks. Can we design 3D nuclear information the same way we design social networks?
Despite several hundreds human genomes have been sequenced, we know very little about three-dimensional chromosome conformation beyond the scale of the nucleosome. Considering the number of evidences about colocalisation and coregulation of genes, this is very important in describing the social behavior of genomic actors (Di Stefano et al., 2013) . In particular, recent advances in high throughput molecular biology techniques and bioinformatics have provided insights into chromatin interactions on a larger scale (Lieberman-Aiden et al., 2009) . A novel sequencing technique called Chromosome Conformation Capture (3C) allows analysing the organisation of chromosomes in a cell's natural state (Duan et al., 2012) . While performed genome wide, this technique is usually called Hi-C. Clearly, studying the structural properties and spatial organisation of chromosomes is important for the understanding and evaluation of the regulation of gene expression, DNA replication and repair, and recombination (Lin et al., 2012) .
Methods
Inspired by social networks like FourSquare, we developed NuChart (Merelli et al., PLoS One, accepted), an R package that integrates Hi-C information, describing the chromosomal neighborhood, with predicted CTCF binding sites (Botta et al., 2010) , isochores (Marculescu, et al., 2006) , potential cryptic RSSs (Varriale and Bernardi, 2010) , and other user desired genomics features, such as methylation and chromatin conformation, to infer how the three-dimensional organisa-
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EMBnet.journal 19.B tion of DNA works in controlling gene expression. This can be very useful while studying the differentiation of stem cells or to identify chromosomal reorganisations in cancer cells. For example, Philadelphia translocation is a specific chromosomal abnormality that is associated with chronic myelogenous leukemia (CML). It is the result of a reciprocal translocation between chromosome 9 and 22. The software has been designed to answer question such as: are chromosomal translocations occurring between nearby chromosomes?
Beside functions for loading and normalizing data, the core of NuChart is the creation of the neighborhood graph of the user provided list of genes or pathway. This package provides the possibility of analysing Hi-C data in a multi-omics context, by enabling the capability of mapping on the graph vertices expression data, according to a particular transcriptomics experiment, and on the edges genomic features that are known to be involved in chromosomal recombination, looping and stability. At the same way of FourSquare, the relative positions of the social actors and their functional activities are the core information for describing the neighborhood global behavior. NuChart also provides functions to describe, compare, and analyse statistically the neighborhood graphs after their creation, which can be very important to highlight local and global characteristics of the Hi-C fragment distributions in the nucleus and of the multi-omics features in the context of the DNA three-dimensional topology. The possibility of analysing data to infer structuralactivity relationships in a social network is of critical importance (Reagans and McEvily, 2003) .
Results and Discussion
In the following example, we discuss an interesting analysis related to the data of Dixon et al. (Dixon et al., 2012) experiments. The idea is to show the different chromosomal organisations that occur in the nucleolus, while gene expression is heavily characterising the differentiation of stems cells. Respectively, the graphs in Figure 1 in the top part are from two different sequencing runs performed on human embryonic stem cells (SRA:SRR400261 and SRA:SRR400262), while the graphs in the bottom part are from human lung embryonic fibroblast (SRA:SRR400264 and SRA:SRR400265).
In particular, these graphs show the neighborhood of the POLR2A gene, which catalyses the transcription of DNA to synthesize precursors of mRNA and most snRNA and microRNA, in the different cell lines. Noteworthy, the variability in the neighborhood of this gene, computed as correlation between the lists of adjacent genes, in the different cell lines is significant. While the similarity between two different runs of sequencing performed on the same cell type is quite high (respectively 60% and 67%), there are very importance differences between the two different cell lines (correlation below 30%), which witness the importance that chromosomal re-organisations at nucleolus level has for co-expression. This is very important to understand, in a particular moment, what the cell is going to express, by reorganising its internal chromosomal structure in the three dimensional space.
Recalling the parallelism with FourSquare, the power of these tools relies in capturing and describing the colocalisation and co-activation of entities in the social network. Moreover, the interaction of the social actors with the environment is of critical importance for understanding dynamics of the whole system. Future medicine will require the integration of different social and genetic networks in a multilevel approach: therefore, the possibility of having topological coherent graph descriptions and overlapping semantics for annotations across these two domains will be very important.
